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hemoglobin level as per the age (hemoglobin>11 g/dL in 12-59 month, >11.5 g/dL in 5-11 years of age, >12 g/dL in 12 years of age) and normocytic normochromic cells. Exclusion criteria were: severe acute infection (pneumonia), chronic diseases (cardiac, renal, hepatic, autoimmune disease, immunodefi-ciencies), hematological disorders, chronic gastrointes-tinal diseases, already diagnosed celiac disease, bleeding, intake of any cytotoxic agents or radiotherapy in the last 6 weeks.
A detailed history with emphasis on current or past gastrointestinal symptoms was taken from the children or their parents. Nutritional status was assessed at the time of entry into the study. All eligible anemic children We measured IgA-anti tissue transglutaminase (IgAtTG) by ELISA (Aeskulisa) in all included patients. IgAtTG levels >18 U/mL were as considered positive as per information provided by the manufacturer, levels between 12 and 18 U/mL were considered as equivocal, and levels <12 U/mL were considered as negative. All children who screened positive for celiac disease underwent upper gastrointestinal (UGI) endoscopy. Four biopsy specimens were taken from the second/first portion of the duodenum, out of which at least one sample was taken from the duodenal bulb. Histopathological examination of duodenal biopsies was performed by a histopathologist blinded to clinical history, and the result was graded using the modified Marsh grading [7] . Final diagnosis of CD was based on serology and endoscopic duodenal biopsy (Grade-3). Children diagnosed as CD were adviced strict gluten-free diet and oral iron supple-mentation for nutritional anemia. Children with IDA were advised oral iron preprations and dietary supplementation.
A sample size of 138 children with anemia (and 138 non-anemic controls) was calculated to determine the proportion of celiac disease with an estimated proportion of 10% [5] 
RESULTS
The flow of participants in the study is shown in Fig.1 . We included 152 cases and 152 controls. The non-anemic controls were of higher age group as compared to anemic cases [mean (SD): 86.9 (39) months vs 41 (32.9) months; P=0.002] ( Table I) .
Increased prevalence of IgA-TTG was found among anemic children, as compared to non-anemic controls (16 vs 3; P=0.007). Endoscopy was conducted in 18 children (15 anemic), of which normal villous pattern was seen in 3 controls and 5 with anemia Marsh Grade I and grade IIIb findings were seen in 6 and 2, respectively of the anemic children. Two anemic children had giardiasis. After UGI endoscopy and biopsy, six (3.9%) children with moderate or severe anemia and none of the control group were diagnosed as celiac disease (P=0.013). Among 92 children with moderate anemia, one (1.08%) patient had celiac disease while among 59 children with severe anemia 5 (8.5%) had celiac disease. There was a significant difference between the mean (SD) hemoglobin level between patients with celiac disease and patients without celiac disease [6.38 (1.13) g/dL vs 7.77 (1.80) g/dL; P=0.029]. Subgroup analysis between anemic patients with or without celiac disease is mentioned in Table II. 
DISCUSSION
This cross-sectional study showed that celiac disease accounted for 8.5% and 3.9% of children with severe and moderate to severe iron deficiency anemia, respectively at 
WHAT THIS STUDY ADDS?
• Severely anemic patients have higher chances of having associated celiac disease.
a tertiary-care hospital outpatient setting in Northern India.
Studies in children with iron-deficiency anemia are limited [1, 8, 9] . A study by Ertekin, et al. [9] among Turkish children had similar results with a mean hemoglobin level significantly lower in IDA patients with CD than in those without CD [9] . Moreover, those with severe anemia had higher odds of having CD.
As prevalence of anemia in India children 6 months-59 months is 58.4% [2] , there is a greater chance of missing those children with celiac disease presenting atypically as anemia. Early identification of these subclinical cases in childhood assumes greater importance since these patients are at risk of malignancy and mortality in later life and morbidity like the presence of unsuspected nutritional deficiencies.
The major limitation of this study is that being a hospital-based study results obtained in this study might not be representative of the whole population. The sample size was inadequate to find other clinical predictors of celiac disease in anemic children. Not doing IgA levels to screen for IgA deficiency, non-evaluation of occult blood loss in stool, and controls not being age matched are other study limitations. No loss to follow-up and outcome assessment using endoscopy are the strengths of the present study.
We conclude that anemic children, especially those presenting with severe anemia have significantly higher likelihood of having CD. Physicians treating children with severe anemia may consider screening them for celiac disease. We recommend community-based studies to confirm these findings. VOLUME 55 __ 
